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(54) Osteoprotegerin 

(57) The present invention discloses a secreted 
polypeptide, termed osteoprotegerin, which is a mem- 
ber of the tumor necrosis factor receptor superfamily 
and is involved in the regulation of bone metabolism. 
Also disclosed are nucleic acids encoding osteoprote- 



gerin, polypeptides, recombinant vectors and host cells 
for expression, antibodies which bind OPG, and phar- 
maceutical compositions. The polypeptides are used to 
treat bone diseases characterized by increased resorp- 
tion such as osteoporosis. 
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Description 

Field of the Invention 

s The invention relates generally to polypeptides involved in the regulation of bone metabolism. More particularly, 

the invention relates to a novel polypeptide, termed osteoprotegerin, which is a member of the tumor necrosis factor 
receptor superfamily. The polypeptide is used to treat bone diseases characterized by increased bone loss such as 
osteoporosis. 

10 Background of the Invention 

Polypeptide growth factors and cytokines are secreted factors which signal a wide variety of changes in cell growth, 
differentiation, and metabolism, by specifically binding to discrete, surface bound receptors. As a class of proteins, 
receptors vary in their structure and mode of signal transduction. They are characterized by having an extracellular 

J5 domain that is involved in ligand binding, and cytoplasmic domain which transmits an appropriate intracellular signal. 
Receptor expression patterns ultimately determine which cells will respond to a given ligand, while the structure of a 
given receptor dictates the cellular response induced by ligand binding. Receptors have been shown to transmit intra- 
cellular signals via their cytoplasmic domains by activating protein tyrosine, or protein serineAhreonine phosphorylation 
(e.g., platelet derived growth factor receptor (PDGFR) or transforming growth factor-p receptor-l (TGF[3R-I), by stim- 

20 ulating G-protein activation (e.g., p-adrenergic receptor), and by modulating associations with cytoplasmic signal trans- 
ducing proteins (e.g., TNFR-1 and Fas/APO) (Heldin, Cell 80, 213-223 (1995)). 

The tumor necrosis factor receptor (TNFR) superfamily is a group of type I transmembrane proteins which share 
a conserved cysteine-rich motif which is repeated three to six times in the extracellular domain (Smith, et al. Cell 76, 
953-962 (1994)). Collectively, these repeat units form the ligand binding domains of these receptors (Chen et al., 

25 Chemistry 270, 2874-2878 (1 995)). The ligands for these receptors are a structurally related group of proteins homol- 
ogous to TNFa. (Goeddel et al. Cold Spring Harbor Symp. Quart. Biol. 51, 597-609 (1986); Nagata etal. Science 267, 
1449-1456 (1995)). TNFa binds to distinct, but closely related receptors, TNFR-1 and TNFR-2. TNFa produces a 
variety of biological responses in receptor bearing cells, including, proliferation, differentiation, and cytotoxicity and 
apoptosis (Beutler et al. Ann. Rev. Biochem. 57, 505-518 (1988)). 

30 TNFa is believed to mediate acute and chronic inflammatory responses (Beutler et al. Ann. Rev. Biochem. 57, 

505-508 (1988)). Systemic delivery of TNFa induces toxic shock and widespread tissue necrosis. Because of this, 
TNFa may be responsible for the severe morbidity and mortality associated with a variety of infectious diseases, in- 
cluding sepsis. Mutations in FasL, the ligand for the TNFR-related receptor Fas/APO (Suda et al. Cell 75, 1169-1178 
(1993)), is associated with autoimmunity (Fisher et al. Cell 81, 935-946 (1995)), while overproduction of FasL may be 

35 implicated in drug-induced hepatitis. Thus, ligands to the various TNFR-related proteins often mediate the serious 
effects of many disease states, which suggests that agents that neutralize the activity of these ligands would have 
therapeutic value. Soluble TNFR-1 receptors, and antibodies that bind TNFa, have been tested for their ability to 
neutralize systemic TNFa (Loetscher et al. Cancer Cells 3(6), 221-226 (1 991 )). A naturally occurring form of a secreted 
TNFR-1 mRNA was recently cloned, and its product tested for its ability to neutralize TNFa activity in vitro and in vivo 

40 (Kohno et al. PNAS USA 87, 8331-8335 (1990)). The ability of this protein to neutralize TNFa suggests that soluble 
TNF receptors function to bind and clear TNF thereby blocking the cytotoxic effects on TNFR- bearing cells. 

An object of the invention to identify new members of the TNFR super family. It is anticipated that new family 
members may be transmembrane proteins or soluble forms thereof comprising extracellular domains and lacking trans- 
membrane and cytoplasmic domains. We have identified a new member of the TNFR superfamily which encodes a 

45 secreted protein that is closely related to TNFR-2. By analogy to soluble TNFR-1 , the TNFR-2 related protein may 
negatively regulate the activity of its ligand, and thus may be useful in the treatment of certain human diseases. 

Summary of the Invention 

50 a novel member of the tumor necrosis factor receptor (TNFR) superfamily has been identified from a fetal rat 

intestinal cDNA library. A full-length cDNA clone was obtained and sequenced. Expression of the rat cDNA in a trans- 
genic mouse revealed a marked increase in bones density, particularly in long bones, pelvic bone and vertebrae. The 
polypeptide encoded by the cDNA is termed Osteprotegerin (OPG) and plays a role in promoting bone accumulation. 
The invention provides for nucleic acids encoding a polypeptide having at least one of the biological activities of 

55 OPG. Nucleic acids which hybridize to nucleic acids encoding mouse, rat or human OPG as shown in Figures 2B-2C 
(SEQ ID NO: 120), 9A-9B (SEQ ID NO: 122), and 9C-9D (SEQ ID NO: 124) are also provided. Preferably, OPG is mam- 
malian OPG and more preferably is human OPG. Recombinant vectors and host cells expressing OPG are also en- 
compassed as are methods of producing recombinant OPG. Antibodies or fragments thereof which specifically bind 
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the polypeptide are also disclosed. 

Methods of treating bone diseases are also provided by the invention. The polypeptides are useful for preventing 
bone resorption and may be used to treat any condition resulting in bone loss such as osteoporosis, hypercalcemia, 
Paget's disease of bone, and bone loss due to rheumatoid arthritis or osteomyelitis, and the like. Bone diseases may 
5 also be treated with anti-sense or gene therapy using nucleic acids of the invention. Pharmaceutical compositions 
comprising OPG nucleic acids and polypeptides are also encompassed. 

Description of the Figures 

10 Figure 1. A. FASTA analysis of novel EST LORF. Shown is the deduced FRI-1 amino acid sequence aligned to 

the human TNFR-2 sequence. B. Profile analysis of the novel EST LORF shown is the deduced FRI-1 amino acid 
sequence aligned to the TNFR-profile. C. Structural view of TNFR superfamily indicating region which is homologous 
to the novel FRI-1. 

Figure 2. Structure and sequence of full length rat OPG gene, a novel member of the TNFR superfamily. A. Map 

15 of pMOB-B1 .1 insert. Box indicates position of LORF within the cDNA sequence (bold line). Black box indicates signal 
peptide, and gray ellipses indicate position of cysteine-rich repeat sequences. B, C. Nucleic acid and protein sequence 
of the Rat OPG cDNA. The predicted signal peptide is underlined, and potential sites of N-linked glycosylation are 
indicated in bold, underlined letters. D, E. Pileup sequence comparison (Wisconsin GCG Package, Version 8.1) of 
OPG with other members of the TNFR superfamily. 

20 Fas (SEQ ID NO 128); tnfrl (SEQ ID NO: 129); sfu-t2 (SEQ ID: 130); tnfr2 (SEQ ID NO: 131); id40 (SEQ ID NO: 

132); osteo (SEQ ID NO:133); ngfr (SEQ ID NO:134); ox40 (SEQ ID NO:135); 41bb (SEQ NO ID NO:136). 

Figure 3. PepPlot analysis (Wisconsin GCG Package, Version 8.1) of the predicted rat OPG protein sequence. A. 
Schematic representation of rat OPG showing hydrophobic (up) and hydrophilic (down) amino acids. Also shown are 
basic (up) and acidic (down) amino acids. B. Display of amino acid residues that are beta-sheet forming (up) and beta- 

25 sheet breaking down) as defined by Chou and Fasman (Adv. Enz. 47, 45-147 (1948)). C. Display of propensity meas- 
ures for alpha-helix and beta-sheet (Chou and Fasman, ibid). Curves above 1.00 show propensity for alpha-helix or 
beta-sheet structure. Structure may terminate in regions of protein where curves drop below 1.00. D. Display of residues 
that are alpha-forming (up) or alpha-breaking (down). E. Display of portions of the protein sequence that resemble 
sequences typically found at the amino end of alpha and beta structures (Chou and Fasman, ibid). F. Display of portions 

30 of the protein sequence that resemble sequences typically found at the carboxyl end of alpha and beta structures 
(Chou and Fasman, ibid). G. Display of portions of the proteins sequence typically found in turns (Chou and Fasman, 
ibid ) H. Display of the helical hydrophobic moment (Eisenberg et al. Proc. Natl. Acad. Sci. USA 81, 140-144 (1984)) 
at each position in the sequence. I. Display of average hydrophathy based upon Kyte and Doolittle (J. Mol. Biol. 157, 
105-132 (1982)) and Goldman et al. (reviewed in Ann. Rev. Biophys. Biophys. Chem. 15, 321-353 (1986)). 

35 Figure 4. mRNA expression patterns for the OPG cDNA in human tissues. Northern blots were probed with a 32P- 

labeled rat cDNA insert (A, left two panels), or with the human cDNA insert (B, right panel). 

Figure 5. Creation of transgenic mice expressing the OPG cDNA in hepatocytes. Northern blot expression of HE- 
OPG transgene in mouse liver. 

Figure 6. Increase in bone density in OPG transgenic mice. Panel A-F. Control Mice. G-J, OPG expressing mice. 

40 At necropsy, all animals were radiographed and photographs prepared. In A-F, the radiographs of the control animals 
and the one transgenic non-expressor (#28) are shown. Note that the bones have a clearly defined cortex and a lucent 
central marrow cavity. In contrast, the OPG (G-J) animals have a poorly defined cortex and increased density in the 
marrow zone. 

Figure 7. Increase in trabecular bone in OPG transgenic mice. A-D. Representative photomicrographs of bones 
45 from control animals. In A and B, low (4X, 10X) power images of the femurs are shown (Masson Trichrome stain). 
Stains for tartrate resistant acid phosphatase (TRAP) demonstrate osteoclasts (see arrows) both resorbing cartilage 
(C) and trabecular bone (D). Note the flattened appearance of osteoclasts on trabecular bone. E-H. Representative 
photomicrographs of bones from OPG-expressing animals. In E and F, low (4X, 10X) power images of the femurs are 
shown (Masson Trichrome stain). The clear region is the growth plate cartilage, blue stained area is bone, and the red 
50 area is marrow. Note that in contrast to the controls, the trabecular bone has not been resorbed resulting in the absence 
of the usual marrow cavity. Also, the resulting trabeculae have a variegated appearance with blue and clear areas. 
The clear areas are remnants of growth plate cartilage that have never been remodelled. Based on TRAP stains, these 
animals do have osteoclasts (see arrows) at the growth plate (G), which may be reduced in number. However, the 
surfaces of the trabeculae away from the growth plate are virtually devoid of osteoclasts (H), a finding that stands in 
55 direct contrast with the control animals (see D). 

Figure 8. HE-OPG expressors do not have a defect in monocyte-macrophage development. One cause for oste- 
opetrosis in mice is defective M-CSF production due to a point mutation in the M-CSF gene. This results in a marked 
deficit of circulating and tissue based macrophages. The peripheral blood of OPG expressors contained monocytes 
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as assessed by H1E analysis. To affirm the presence of tissue macrophages, immnohistochemistry was performed 
using F480 antibodies, which recognize a cell surface antigen on murine macrophages. A and C show low power (4X) 
photomicrographs of the spleens from normal and CR1 overexpressors. Note that both animals have numerous F480 
positive cells. Monocyte-macrophages were also present in the marrow of normal (B) and HE-OPG overexpressors 
5 (D)(40X). 

Figure 9. Structure and sequence of mouse and human OPG cDNA clones. A, B. Mouse cDNA and protein se- 
quence. C, D. Human cDNA and protein sequence. The predicted signal peptides are underlined, and potential sites 
of N-linked glycosylation are indicated in bold. E, F. Sequence alignment and comparison of rat, mouse and human 
OPG amino acid sequences. 
10 Figure 10. Comparison of conserved sequences in extracellular domain of TNFR-1 and human OPG. 

PrettyPlot (Wisconsin GCG Package, Version 8.1) of the TNFR1 and OPG alignment described in example 6. Top 
line, human TNFR1 sequences encoding domains 1-4. Bottom line, human OPG sequences encoding domains 1-4. 
Conserved residues are highlighted by rectangular boxes. 

Figure 11 . Three-dimensional representation of human OPG. Side-view of the Molescript display of the predicted 
15 3-dimensional structure of human OPG residues 25 through 163, (wide line), co-crystallized with human TNFp (thin 
line). As a reference for orientation, the bold arrows along the OPG polypeptide backbone are pointing in the N-terminal 
to C-terminal direction. The location of individual cysteine residue side chains are inserted along the polypeptide back- 
bone to help demonstrate the separate cysteine-rich domains. The TNFp molecule is aligned as described by Banner 
et al. (1993). 

20 Figure 12. Structure of OPG cysteine-rich domains. Alignment of the human (top line SEQ ID NO:1 36) and mouse 

(bottom line) OPG amino acid sequences highlighting the predicted domain structure of OPG. The polypeptide is divided 
into two halves; the N-terminus (A), and C-terminus (B). The N-terminal half is predicted to contain four cysteine rich 
domains (labeled 1-4). The predicted intrachain disulfide bonds are indicated by bold lines, labeled U SS1", "SS2", or 
"SS3 U . Tyrosine 28 and histidine 75 (underlined) are predicted to form an ionic interaction. Those amino acids predicted 

25 to interact with an OPG ligand are indicated by bold dots above the appropriate residue. The cysteine residues located 
in the C-terminal half of OPG are indicated by rectangular boxes. 

Figure 1 3. Expression and secretion of full length and truncated mouse OPG-Fc fusion proteins. A. Map indicating 
points of fusion to the human lgG1 Fc domain are indicated by arrowheads. B. Silver stain of and SDS-polyacrylamide 
gel of conditioned media obtained from FI.Fc (Full length OPG fused to Fc at Leucine 401 ) and CT.Fc (Carboxy-terminal 

30 truncated OPG fused to Fc at threonine 180) fusion protein expression vectors. Lane 1, parent pCEP4 expression 
vector cell line; Lane 2, FI.Fc vector cell line; Lane 3, CT.Fc vector cell line. C. Western blot of conditioned media 
obtained from FI.Fc and CT.Fc fusion protein expression vectors probed with anti-human IgGt Fc domain (Pierce). 
Lane 1 , parent pCEP4 expression vector cell line; Lane 2, FI.Fc vector cell line; Lane 3, CT.Fc vector cell line. 

Figure 14. Expression of human OPG in E. coli. A. Construction of a bacterial expression vector. The LORF of the 

35 human OPG gene was amplified by PCR, then joined to a oligonucleotide linker fragment (top strand is SEQ ID NO: 
137; bottom strand is SEQ ID NO: 127), and ligated into pAMG21 vector DNA. The resulting vector is capable of ex- 
pressing OPG residues 32-401 linked to a N-terminal methionine residue. B SDS-PAGE analysis of uninduced and 
induced bacterial harboring the pAMG21 -human OPG - 32-401 plasmid. Lane 1, MW standards; lane 2, uninduced 
bacteria; lane 3, 30°C induction; lane 4, 37°C induction; lane 5, whole cell lysate from 37°C induction; lane 6, soluble 

40 fraction of whole cell lysate; lane 7, insoluble fraction of whole cell lysate; lane 8, purified inclusion bodies obtained 
from whole cell lysate. 

Figure 15. Analysis of recombinant murine OPG produced in CHO cells by SDS-PAGE and western blotting. An 
equal amount of CHO conditioned media was applied to each lane shown, and was prepared by treatment with either 
reducing sample buffer (left lane), or non-reducing sample buffer (right lane). After electrophoresis, the resolved pro- 
45 teins were transferred to a nylon membrane, then probed with anti-OPG antibodies. The relative positions of the 55 
kd monomeric and 100 kd dimeric forms of OPG are indicated by arrowheads. 

Figure 16. Pulse-chase analysis of recombinant murine OPG produced in CHO cells. CHO cells were pulse-labeled 
with ^S-methionine/cysteine, then chased for the indicated time. Metabolically labeled cultures were separated into 
both conditioned media and cells, and detergent extracts were prepared from each, clarified, then immunoprecipitated 
50 with anti-OPG antibodies. The immunoprecipitates were the resolved by SDS-PAGE, and exposed to film. Top left and 
right panels; samples analyzed under non-reducing conditions. Lower left and right panels; samples analyzed under 
reducing conditions. Top and bottom left panels; Cell extracts. Top and bottom right panels; Conditioned media extracts. 
The relative mobility of the 55 kd monomeric and 100 kd dimeric forms of OPG are indicated by arrowheads. 

Figure 17. Expression of OPG in the CTLL-2 cell line. Serum-free conditioned media from CTLL-2 cells and CHO- 
55 mu OPG [1 -401 ] transf ected cells was prepared, concentrated, then analyzed by non-reducing SDS-PAGE and western 
blotting. Left lane; CTLL-2 conditioned media. Right lane; CHO-muOPG conditioned media. The relative mobility of 
the 55 kd monomeric and 100 kd dimeric forms of OPG are indicated by arrowheads. 

Figure 18. Detection of OPG expression in serum samples and liver extracts obtained from control and OPG 
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transgenic mice. Transgenic mice were constructed as described in Example 4. OPG expression was visualized after 
SDS-PAGE followed by Western blotting using anti-OPG antibodies. 

Figure 19. Effects of huOPG [22-401 ]-Fc fusion protein on osteoclast formation jn vitro . The osteoclast forming 
assay was performed as described in Example 11 A in the absence (control) or presence of the indicated amounts of 
5 huOPG [22-401 ]-Fc fusion. Osteoclast formation was visualized by histochemical staining for tartrate acid phosphatase 
(TRAP). ). A. OPG added to 100 ng/ml. D. OPG added to 0.1 ng/ml. E. OPG added to 0.01 ng/ml. F. OPG added to 
0.001 ng/ml. G. Control. No OPG added. 

Figure 20. Decrease in osteoclast culture TRAP activity with increasing amounts of OPG. Indicated concentrations 
of huOPG [22-401 ]-Fc fusion protein were added to osteoclast forming assay and TRAP activity quantitated as de- 
10 scribed in Example 11 A. 

Figure 21. Effect of OPG on a terminal stage of osteoclast differentiation. huOPG [22-401 ]-Fc fusion was added 
to the osteoclast forming assay during the intermediate stage of osteoclast maturation (days 5-6; OPG-CTL) or during 
the terminal stage of osteoclast maturation (days 7-1 5; CTL-OPG). TRAP activity was quantitated and compared with 
the activity observed in the absence of OPG (CTL-CTL) in the presence of OPG throughout (OPG-OPG). 
is Figure 22. Effects of IL-ip, IL-1aandOPG on blood ionized calcium in mice. Levels of blood ionized calcium were 

monitored after injection of IL-1 p alone, IL-1aalone, IL-1 p plus muOPG [22-401]-Fc, IL-1aplus MuOPG [22-401 ]-Fc, 
and muOPG [22-401 ]-Fc alone. Control mice received injections of phosphate buffered saline (PBS) only. IL-1B ex- 
periment shown in A; IL-1 a experiment shown in B. 

Figure 23. Effects of OPG on calvarial osteoclasts in control and IL1 -treated mice. Histological methods for ana- 
20 lyzing mice calvarial bone samples are described in Example 1 1 B. Arrows indicate osteoclasts present in day 2-treated 
mice. Calvarial samples of mice receiving four PBS injections daily (A), one injection of IL-1 and three injections of 
PBS daily (B), one injection of PBS and three injections of OPG daily (C), one injection of IL-1 and three injections of 
OPG daily. 

Figure 24. Radiographic analysis of bone accumulation in marrow cavity of normal mice. Mice were injected sub- 
25 cutaneously with saline (A) or muOPG [22-401 ]-Fc fusion (5mg/kg/d) for 14 days (B) and bone density determined as 
described in Example 11 C. 

Figure 25. Histomorphometric analysis of bone accumulation in marrow cavity of normal mice. Injection experi- 
ments and bone histology performed as described in Example 11 C. 

Figure 26. Histology analysis of bone accumulation in marrow cavity of normal mice. Injection experiments and 
30 bone histology performed as described in Example 11C. A. Saline injection B. Injection of muOPG [22-401]-Fc fusion. 

Figure 27. Activity of OPG administered to ovariectomized rats. In this two week experiment the trend to reduced 
bone density appears to be blocked by OPG or other anti-resorptive therapies. DEXA measurements were taken at 
time of ovariectomy and at week 1 and week 2 of treatment. The results are expressed as % change from the initial 
bone density (Mean +/- SEM). 

35 Figure 28. Bone density in the femoral metaphysis, measured by histomorphometric methods, tends to be lower 

in ovariectomized rats (OVX) than sham operated animals (SHAM) 17 days following ovariectomy. This effect was 
blocked by OPG-Fc, with OPG-Fc treated ovariectomized rats (OVX+OPG) having significantly higher bone density 
than vehicle treated ovariectomized rats (OVX). (Mean +/- SEM). 

40 Detailed Description of the Invention 

A novel member of the tumor necrosis factor receptor (TNFR) superfamily was identified as an expressed sequence 
tag (EST) isolated from a fetal rat intestinal cDNA library . The structures of the full-length rat cDNA clones and the 
corresponding mouse and human cDNA clones were determined as described in Examples 1 and 6. The rat, mouse 

45 and human genes are shown in Figures 2B-2C (SEQ ID NO:120), 9A-9B (SEQ ID NO:122), and 9C-9D (SEQ ID NO: 
1 24), respectively. All three sequences showed strong similarity to the extracellular domains of TNFR family members. 
None of the full-length cDN A clones isolated encoded transmembrane and cytoplasmic domains that would be expected 
for membrane-bound receptors, suggesting that these cDNAs encode soluble, secreted proteins rather than cell surface 
receptors. A portion of the human gene spanning nucleotides 1200-1353 shown in Figure 9D was deposited in the 

50 Genebank database on November 22, 1995 under accession no. 17188769. 

The tissue distribution of the rat and human mRNA was determined as described in Example 2. In rat, mRNA 
expression was detected in kidney, liver, placenta and heart with the highest expression in the kidney. Expression in 
skeletal muscle and pancreas was also detected. In humans, expression was detected in the same tissues along with 
lymph node, thymus, spleen and appendix. 

55 The rat cDNA was expressed in transgenic mice (Example 3) using the liver-specific ApoE promoter expression 

system. Analysis of expressors showed a marked increase in bone density, particularly in long bones (femurs), verte- 
brae and flat bones (pelvis). Histological analysis of stained sections of bone showed severe osteopetrosis (see Ex- 
ample 4) indicating a marked imbalance between bone formation and resorption which has led to a marked accumu- 
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lation of bone and cartilage. A decrease in the number of trabecular osteoclasts in the bones of OPG expressor animals 
indicate that a significant portion of the activity of the TNFR-re!ated protein may be to prevent bone resorption, a process 
mediated by osteoclasts. In view of the activity in transgenic expressors, the TNFR-re!ated proteins described herein 
are termed OPGs. 

5 Using the rat cDNA sequence, mouse and human cDNA clones were isolated (Example 5). Expression of mouse 

OPG in 293 cells and human OPG in E. coli is described in Examples 7 and 8. Mouse OPG was produced as an Fc 
fusion which was purified by Protein A affinity chromatography. Also described in Example 7 is the expression of full- 
length and truncated human and mouse OPG polypeptides in CHO and 293 cells either as fusion polypeptides to the 
Fc region of human lgG1 or as unfused polypeptides. The expression of full-length and truncated human and mouse 

10 OPGs in E. coli either as Fc fusion polypeptides or as unfused polypeptides is described in Example 8. Purification of 
recombinantly produced mammalian and bacterial OPG is described in Example 10. 

The biological activity of OPG was determined using an in vitro osteoclast maturation assay, an in vivo model of 
interleukin-1 (IL-1) induced hypercalcemia, and injection studies of bone density in normal mice (see Example 11). 
The following OPG recombinant proteins produced in CHO or 293 cells demonstrated activity in the in E. coli osteoclast 

1* maturation assay: muOPG [22-185]-Fc, muOPG (22-194]-Fc, muOPG [22-401 ]Fc. muOPG [22-401], huOPG [22-201]- 
Fc, huOPG [22-401 ]-Fc. muOPG [22-180]-Fc produced in CHO cells and huOPG met[32-401] produced in E. coli did 
not demonstrate activity in the in vitro assay. 

OPG from several sources was produced as a dimer and to some extent as a higher multimer. Rat OPG [22-401] 
produced in transgenic mice, muOPG [22-401] and huOPG [22-401] produced as a recombinant polypeptide in CHO 

20 cells, and OPG expressed as a naturally occurring product from a cytotoxic T cell line were predominantly dimers and 
trimers when analyzed on nonreducing SDS gels (see Example 9). Truncated OPG polypeptides having deletions in 
the region of amino acids 186-401 (e.g., OPG [1-185] and OPG [1-194]) were predominantly monomeric suggesting 
that the region 186-401 may be involved in self-association of OPG polypeptides. However, huOPG met[32-401] pro- 
duced in E. coli was largely monomeric. 

25 OPG may be important in regulating bone resorption. The protein appears to act as a soluble receptor of the TNF 

family and may prevent a receptor-ligand interaction involved in the osteolytic pathway One aspect of the regulation 
appears to be a reduction in the number of osteoclasts. 

Nucleic Acids 

30 

The invention provides for an isolated nucleic acid encoding a polypeptide having at least one of the biological 
activities of OPG. As described herein, the biological activities of OPG include, but are not limited to, any activity 
involving bone metabolism and in particular, include increasing bone density. The nucleic acids of the invention are 
selected from the following: 

35 

a) the nucleic acid sequences as shown in Figures 2B-2C (SEQ ID NO:120), 9A-9B (SEQ ID NO:122), and 9C- 
9D (SEQ ID NO: 124) or complementary strands thereof; 

b) the nucleic acids which hybridize under stringent conditions with the polypeptide-encoding region in Figures 
2B-2C (SEQ ID NO:120), 9A-9B (SEQ ID NO:122), and 9C-9D (SEQ ID NO:124); and 

40 c) nucleic acids which hybridize under stringent conditions with nucleotides 148 through 337 inclusive as shown 

in Figure 1A. 

d) the nucleic acid sequences which are degenerate to the sequences in (a) and (b). 

The invention provides for nucleic acids which encode rat, mouse and human OPG as well as nucleic acid se- 
45 quences hybridizing thereto which encode a polypeptide having at least one of the biological activities of OPG. Also 
provided for are nucleic acids which hybridize to a rat OPG EST encompassing nucleotides 1 48-337 as shown in Figure 
1 A. The conditions for hybridization are generally of high stringency such as 5xSSC, 50% formamide and 42°C de- 
scribed in Example 1 of the specification. Equivalent stringency to these conditions may be readily obtained by adjusting 
salt and organic solvent concentrations and temperature. The nucleic acids in (b) encompass sequences encoding 
50 OPG-related polypeptides which do not undergo detectable hybridization with other known members of the TNF re- 
ceptor superfamily. In a preferred embodiment, the nucleic acids are as shown in Figures 2B-2C (SEQ ID NO: 120), 
9 A-9B (SEQ I D NO: 1 22), and 9C-9D (SEQ I D NO: 1 24). 

The length of hybridizing nucleic acids of the invention may be variable since hybridization may occur in part or 
all of the polypeptide-encoding regions as shown in Figures 2B-2C (SEQ ID NO: 120), 9A-9B (SEQ ID NO:122), and 
55 9C-9D (SEQ I D NO: 1 24), and may also occur in adjacent noncoding regions. Therefore, hybridizing nucleic acids may 
be truncations or extensions of the sequences shown in Figures (SEQ ID NO:120) 2B-2C , 9A-9B (SEQ ID NO: 122), 
and 9C-9D (SEQ ID NO:124). Truncated or extended nucleic acids are encompassed by the invention provided they 
retain one or more of the biological properties of OPG. The hybridizing nucleic acids may also include adjacent non- 
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coding regions which are 5' and/or 3' to the OPG coding region. The noncoding regions include regulatory regions 
involved in OPG expression, such as promoters, enhance, translational initiation sites, transcription termination sites 
and the like. 

Hybridization conditions for nucleic acids are described in Sambrook et al. Molecular Cloning: A Laboratory Manual , 

5 2nd ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York (1989) 

DNA encoding rat OPG was provided in plasmid pMO-B1 .1 deposited with the American Type Culture Collection, 
Rockville, MD on December 27, 1995 under ATCC accession no. 69970. DNA encoding mouse OPG was provided in 
plasmid pRcCMV-murine OPG deposited with the American Type Culture Collection, Rockville, MD on December 27, 
1995 under accession no. 69971. DNA encoding human OPG was provided in plasmid pRcCMV - human OPG de- 

10 posited with the American Type Culture Collection, Rockville, MD on December 27, 1995 under accession no. 69969. 
The nucleic acids of the invention will hybridize under stringent conditions to the DNA inserts of ATCC accession nos. 
69969, 69970, and 69971 and have at least one of the biological activities of OPG. 

Also provided by the invention are derivatives of the nucleic acid sequences as shown in Figures 2B, 9A and 9B. 
As used herein, derivatives include nucleic acid sequences having addition, substitution, insertion or deletion of one 

15 or more residues such that the resulting sequences encode polypeptides having one or more amino acid residues 
which have been added, deleted, inserted or substituted and the resulting polypeptide has the activity of OPG. The 
nucleic acid derivatives may be naturally occurring, such as by splice variation or polymorphism, or may be constructed 
using site-directed mutagenesis techniques available to the skilled worker. One example of a naturally occurring variant 
of OPG is a nucleic acid encoding a lys to asn change at residue 3 within the leader sequence (see Example 5). It is 

20 anticipated that nucleic acid derivatives will encode amino acid changes in regions of the molecule which are least 
likely to disrupt biological activity. Other derivatives include a nucleic acid encoding a membrane-bound form of OPG 
having an extracellular domain as shown in Figures 2B-2C (SEQ ID NO:120), 9A-9B (SEQ ID NO:122), and 9C-9D 
(SEQ ID NO: 124) along with transmembrane and cytoplasmic domains. 

In one embodiment, derivatives of OPG include nucleic acids encoding truncated forms of OPG having one or 

25 more amino acids deleted from the carboxy terminus. Nucleic acids encoding OPG may have from 1 to 216 amino 
acids deleted from the carboxy terminus. Optionally, an antibody Fc region may extend from the new carboxy terminus 
to yield a biologically active OPG-Fc fusion polypeptide, (see Example 11). In preferred embodiments, nucleic acids 
encode OPG having the amino acid sequence from residues 22-185, 22-189, 22-194 or 22-201 (using numbering in 
Figure 9E-F) and optionally, encoding an Fc region of human IgG. 

30 Also included are nucleic acids encoding truncated forms of OPG having one or more amino acids deleted from 

the amino terminus. Truncated forms include those lacking part or all the 21 amino acids comprising the leader se- 
quence. Additionally, the invention provides for nucleic acids encoding OPG having from 1 to 10 amino acids deleted 
from the mature amino terminus (at residue 22) and .optionally, having from 1 to 216 amino acids deleted from the 
carboxy terminus (at residue 401 ). Optionally, the nucleic acids may encode a methionine residue at the amino terminus. 

35 Examples of such OPG truncated polypeptides are described in Example 8. 

Examples of the nucleic acids of the invention include cDNA, genomic DNA, synthetic DNA and RNA. cDNA is 
obtained from libraries prepared from mRNA isolated from various tissues expressing OPG. In humans, tissue sources 
for OPG include kidney, liver, placenta and heart. Genomic DNA encoding OPG is obtained from genomic libraries 
which are commercially available from a variety of species. Synthetic DNA is obtained by chemical synthesis of over- 
do lapping oligonucleotide fragments followed by assembly of the fragments to reconstitute part or all of the coding region 
and flanking sequences (see U.S. Patent No. 4,695,623 describing the chemical synthesis of interferon genes). RNA 
is obtained most easily by procaryotic expression vectors which direct high-level synthesis of mRNA, such as vectors 
using T7 promoters and RNA polymerase. 

Nucleic acid sequences of the invention are used for the detection of OPG sequences in biological samples in 

45 order to determine which cells and tissues are expressing OPG mRNA. The sequences may also be used to screen 
cDNA and genomic libraries for sequences related to OPG. Such screening is well within the capabilities of one skilled 
in the art using appropriate hybridization conditions to detect homologus sequences. The nucleic acids are also useful 
for modulating the expression of OPG levels by anti-sense therapy or gene therapy. The nucleic acids are also used 
for the development of transgenic animals which may be used for the production of the polypeptide and for the study 

50 of biological activity (see Example 3). 

Vectors and Host Cells 

Expression vectors containing nucleic acid sequences encoding OPG, host cells transformed with said vectors 
55 and methods for the production of OPG are also provided by the invention. An overview of expression of recombinant 
proteins is found in Methods of Enzymology v. 185, Goeddel, D.V. ed. Academic Press (1990). 

Host cells for the production of OPG include procaryotic host cells, such as E. coli, yeast, plant, insect and mam- 
malian host cells. E. colj strains such as HB101 or JM101 are suitable for expression. Preferred mammalian host cells 
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include COS, CHOd-, 293, CV-1 , 3T3, baby hamster kidney (BHK) cells and others. Mammalian host cells are preferred 
when post-translational modifications, such as glycosylation and polypeptide processing, are important for OPG activity. 
Mammalian expression allows for the production of secreted polypeptides which may be recovered from the growth 
medium. 

5 Vectors for the expression of OPG contain at a minimum sequences required for vector propogation and for ex- 

pression of the cloned insert. These sequences include a replication origin, selection marker, promoter, ribosome bind- 
ing site, enhancer sequences, RNA splice sites and transcription termination site. Vectors suitable for expression in 
the aforementioned host cells are readily available and the nucleic acids of the invention are inserted into the vectors 
using standard recombinant DNA techniques. Vectors for tissue-specific expression of OPG are also included. Such 

10 vectors include promoters which function specifically in liver, kidney or other organs for production in mice, and viral 
vectors for the expression of OPG in targeted human cells. 

Using an appropriate host-vector system, OPG is produced recombinantly by culturing a host cell transformed with 
an expression vector containing nucleic acid sequences encoding OPG under conditions such that OPG is produced, 
and isolating the product of expression. OPG is produced in the supernatant of transfected mammalian cells or in 

is inclusion bodies of transformed bacterial host cells. OPG so produced may be purified by procedures known to one 
skilled in the art as described below. The expression of OPG in mammalian and bacterial host systems is described 
in Examples 7 and 8. Expression vectors for mammalian hosts are exemplified by plasmids such as pDSRcc described 
in PCT Application No. 90/14363. Expression vectors for bacterial host cells are exemplified by plasmids pAMG21 and 
pAMG22-His described in Example 8. Plasmid pAMG21 was deposited with the American Type Culture Collection, 

20 Rockville, MD on July 24, 1996 under accession no. 98113. Plasmid pAMG22-His was deposited with the American 
Type Culture Collection, Rockville, MD on July 24, 1996 under accession no. 98112. It is anticipated that the specific 
plasmids and host cells described are for illustrative purposes and that other available plasmids and host cells could 
also be used to express the polypeptides. 

The invention also provides for expression of OPG from endogenous nucleic acids by in vivo or ex vivo recombi- 

25 nation events to allow modulation of OPG from the host chromosome. Expression of OPG by the introduction of ex- 
ogenous regulatory sequences (e.g. promoters or enhancers) capable of directing the production of OPG from endog- 
enous OPG coding regions is also encompassed. Stimulation of endogenous regulatory sequences capable of directing 
OPG production (e.g. by exposure to transcriptional enhancing factors) is also provided by the invention. 

30 Polypeptides 

The invention provides for OPG, a novel member of the TNF receptor superfamily, having an activity associated 
with bone metabolism and in particular having the activity of inhibiting bone resorption thereby increasing bone density. 
OPG refers to a polypeptide having an amino acid sequence of mouse, rat or human OPG or a derivative thereof 

3S having at least one of the biological activities of OPG. The amino acid sequences of rat, mouse and human OPG are 
shown in Figures 2B-2C (SEQ ID NO:121), 9A-9B (SEQ ID NO:123), and 9C-9D (SEQ ID NO:125) respectively. A 
derivative of OPG refers to a polypeptide having an addition, deletion, insertion or substitution of one or more amino 
acids such that the resulting polypeptide has at least one of the biological activities of OPG. The biological activities 
of OPG include, but are not limited to, activities involving bone metabolism. Preferably, the polypeptides will have the 

40 amino terminal leader sequence of 21 amino acids removed. 

OPG polypeptides encompassed by the invention include rat [1-401], rat [22-180], rat [22-401], rat [22-401 ]-Fc 
fusion, rat [1-180]-Fc fusion, mouse [1-401], mouse [1-180], mouse [22-401], human [1-401], mouse [22-180], human 
[22-401], human [22-180], human [1-180], human [22-180]-Fc fusion and human met-32-401 . Amino acid numbering 
is as shown in SEQ ID NO:121 (rat), SEQ ID NO:123 (mouse) and SEQ ID NO:125 (human). Also encompassed are 

45 polypeptide derivatives having deletions or carboxy-terminal truncations of part or all of amino acids residues 1 80-401 
of OPG; one or more amino acid changes in residues 1 80-401 ; deletion of part or all of a cysteine-rich domain of OPG, 
in particular deletion of the distal (carboxy-terminal) cysteine-rich domain; and one or more amino acid changes in a 
cysteine-rich domain, in particular in the distal (carboxy-terminal) cysteine-rich domain. In one embodiment, OPG has 
from 1 to about 216 amino acids deleted from the carboxy terminus. In another embodiment, OPG has from 1 to about 

50 10 amino acids deleted from the mature amino terminus (wherein the mature amino terminus is at residue 22) and, 
optionally, has from 1 to about 216 amino acids deleted from the carboxy terminus. 

Additional OPG polypeptides encompassed by the invention include the following: human [22-180]-Fc fusion, hu- 
man [22-201 ]-Fc fusion, human [22-401 ]-Fc fusion, mouse [22-185]-Fc fusion, mouse [22-194]-Fc fusion. These 
polypeptides are produced in mammalian host cells, such as CHO or 293 cells, Additional OPG polypeptides encom- 

55 passed by the invention which are expressed in procaryotic host cells include the following: human met[22-401], Fc- 
human met[22-401] fusion (Fc region is fused at the amino terminus of the full-length OPG coding sequence as de- 
scribed in Example 8), human met[22-401]-Fc fusion (Fc region fused to the full-lengh OPG sequence), Fc-mouse met 
[22-401] fusion, mouse met[22-401]-Fc fusion, human met[27-401], human met[22-185], human met[22-189], human 
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met[22-194], human met[22-194] (P25A), human met [22-194] (P26A), human met[27-185], human met[27-189], hu- 
man met[27-194], human met-arg-gly-ser-(his) 6 [22-401], human met-lys [22-401], human met-(lys) 3 -[22-401], human 
met[22-401]-Fc (P25A), human met[22-401] (P25A), human met[22-401] (P26A), human met[22-401] (P26D), mouse 
met[22-401], mouse met[27-401], mouse met[32-401], mouse met[27-180], mouse met[22-189], mouse met[22-194], 

5 mouse met[27-189], mouse met[27-194], mouse met-lys[22-401], mouse HEK[22-401](A45T), mouse met-lys-(his)7 
[22-401], mouse met-lys[22-401]-(his)7 and mouse met[27-401] (P33E, G36S, A45P). It is understood that the above 
OPG polypeptides produced in procaryotic host cells have an amino-terminal methionine residue, if such a residue is 
not indicated. In specific examples, OPG-Fc fusion were produced using a 227 amino acid region of human lgG1^ 
was used having the sequence as shown in Ellison et al. (Nuc. Acids Res. JO, 4071-4079 (1982)). However, variants 

10 of the Fc region of human IgG may also be used. 

Analysis of the biological activity of carboxy-terminal OPG truncations fused to the human IgG 1 Fc region indicates 
a portion of OPG of about 1 64 amino acids which is required for activity. This region encompasses amino acids 22-1 85, 
preferably those in Figure 9C-9D (SEQ ID NO:125), and comprises four cysteine-rich domains characteristic of the 
cysteine-rich domains of TNFR extraceullular domains. 

is Using the homology between OPG and the extracellular ligand binding domains of TNF receptor family members, 

a three-dimensional model of OPG was generated based upon the known crystal structure of the extracellular domain 
of TNFR-I (see Example 6). This model was used to identify those residues within OPG which may be important for 
biological activity. Cysteine residues that are involved in maintaining the structure of the four cysteine-rich domains 
were identified. The following disulfide bonds were identified in the model: Domain 1 : cys41 to cys54, cys44 to cys62, 

20 tyr23 and his 66 may act to stabilize the structure of this domain; Domain 2: cys65 to cys80, cys83 to cys98, cys87 to 
cysl05; Domain 3: cysl07 tocysl!8, cys124to cys142; Domain 4: cys145to cysl60, cys166 to cys185. Residues were 
also identified which were in close proximity to TNFp as shown in Figures 1 1 and 1 2A-1 2B. In this model, it is assumed 
that OPG binds to a corresponding ligand; TNFp was used as a model ligand to simulate the interaction of OPG with 
its ligand. Based upon this modeling, the following residues in OPG may be important for ligand binding: glu34, Iys43, 

25 P ro66 to gln91 (in particular, pro66, his68, tyr69, tyr70, thr71, asp72, ser73, his76, ser77, asp78, glu79, Ieu81, tyr82, 
pro85, va!86, Iys88, glu90 and gln91), glu153 and ser155. 

Alterations in these amino acid residues, either singly or in combination, may alter the biological activity of OPG. 
For example, changes in specific cysteine residues may alter the structure of individual cysteine-rich domains, whereas 
changes in residues important for ligand binding may affect physical interactions of OPG with ligand. Structural models 

30 can aid in identifying analogs which have more desirable properties, such as enhanced biological activity, greater 
stability, or greater ease of formulation. 

The invention also provides for an OPG multimer comprising OPG monomers. OPG appears to be active as a 
multimer (e.g. dimer, trimer of a higher number of monomers). Preferably, OPG multimers are dimers or trimers. OPG 
multimers may comprise monomers having the amino acid sequence of OPG sufficient to promote multimer formation 

35 or may comprise monomers having heterologous sequences such as an antibody Fc region. Analysis of carboxy- 
terminal deletions of OPG suggest that at least a portion of the region 186-401 is involved in association of OPG 
polypeptides. Substitution of part or all of the region of OPG amino acids 1 86-401 with an amino acid sequence capable 
of self-association is also encompassed by the invention. Alternatively, OPG polypeptides or derivatives thereof may 
be modified to form dimers or multimers by site directed mutagenesis to create unpaired cysteine residues for interchain 

40 disulfide bond romation, by photochemical crosslinking, such as exposure to ultraviolet light, or by chemical crosslinking 
with bifunctional linker molecules such as bifunctional polyethylene glycol and the like. 

Modifications of OPG polypeptides are encompassed by the invention and include post-translational modifications 
(e.g., N-linked or O-linked carbohydrate chains, processing of N-terminal or C-terminal ends), attachment of chemical 
moieties to the amino acid backbone, chemical modifications of N-linked or O-linked carbohydrate chains, and addition 

45 of an N-terminal methionine residue as a result of procaryotic host cell expression. The polypeptides may also be 
modified with a detectable label, such as an enzymatic, fluorescent, isotopic or affinity label to allow for detection and 
isolation of the protein. 

Further modifications of OPG include chimeric proteins wherein OPG is fused to a heterologous amino acid se- 
quence. The heterologous sequence may be any sequence which allows the resulting fusion protein to retain the 
50 activity of OPG. The heterologous sequences include for example, immunoglobulin fusions, such as Fc fusions, which 
may aid in purification of the protein. A heterologous sequence which promotes association of OPG monomers to form 
dimers, trimers and other higher multimeric forms is preferred. 

The polypeptides of the invention are isolated and purified from other polypeptides present in tissues, cell lines 
and transformed host cells expressing OPG, or purified from components in cell cultures containing the secreted pro- 
55 tein. In one embodiment, the polypeptide is free from association with other human proteins, such as the expression 
product of a bacterial host cell. 

Also provided by the invention are chemically modified derivatives of OPG which may provide additional advan- 
tages such as increasing stability and circulating time of the polypeptide, or decreasing immunogenicity (see U.S. 
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Patent No. 4,179,337). The chemical moieties for derivitization may be selected from water soluble polymers such as 
polyethylene glycol, ethylene glycol/propylene glycol copolymers, carboxymethylcellulose, dextran, polyvinyl alcohol 
and the like. The polypeptides may be modified at random positions within the molecule, or at predetermined positions 
within the molecule and may include one, two, three or more attached chemical moieties. 

s The polymer may be of any molecular weight, and may be branched or unbranched. For polyethylene glycol, the 

preferred molecular weight is between about IkDa and about 100kDa (the term "about" indicating that in preparations 
of polyethylene glycol, some molecules will weigh more, some less, than the stated molecular weight) for ease in 
handling and manufacturing. Other sizes may be used, depending on the desired therapeutic profile (e.g., the duration 
of sustained release desired, the effects, if any on biological activity, the ease in handling, the degree or lack of anti- 

10 genicity and other known effects of the polyethylene glycol to a therapeutic protein or analog). 

The polyethylene glycol molecu les (or other chemical moieties) should be attached to the protein with consideration 
of effects on functional or antigenic domains of the protein. There are a number of attachment methods available to 
those skilled in the art, e.g. EP 0 401 384 herein incorporated by reference (coupling PEG to G-CSF), see also Malik 
et al., Exp. Hematol. 20: 1028-1035 (1992) (reporting pegylation of GM-CSF using tresyl chloride). For example, pol- 

15 yethylene glycol may be covalently bound through amino acid residues via a reactive group, such as, a free amino or 
carboxyl group. Reactive groups are those to which an activated polyethylene glycol molecule may be bound. The 
amino acid residues having a free amino group may include lysine residues and the N-terminal amino acid residues; 
those having a free carboxyl group may include aspartic acid residues glutamic acid residues and the C-terminal amino 
acid residue. Sulfhydrl groups may also be used as a reactive group for attaching the polyethylene glycol molecule(s). 

20 Preferred for therapeutic purposes is attachment at an amino group, such as attachment at the N-terminus or lysine 
group. 

One may specifically desire N-terminally chemically modified protein. Using polyethylene glycol as an illustration 
of the present compositions, one may select from a variety of polyethylene glycol molecules (by molecular weight, 
branching, etc.), the proportion of polyethylene glycol molecules to protein (or peptide) molecules in the reaction mix, 

2S the type of pegylation reaction to be performed, and the method of obtaining the selected N-terminally pegylated protein. 
The method of obtaining the N-terminally pegylated preparation (i.e., separating this moiety from other monopegylated 
moieties if necessary) may be by purification of the N-terminally pegylated material from a population of pegylated 
protein molecules. Selective N-terminal chemically modification may be accomplished by reductive alkylation which 
exploits differential reactivity of different types of primary amino groups (lysine versus the N-terminal) available for 

30 derivatization in a particular protein. Under the appropriate reaction conditions, substantially selective derivatization of 
the protein at the N-terminus with a carbonyl group containing polymer is achieved. 

Synthetic OPG dimers may be prepared by various chemical crosslinking procedures. OPG monomers may be 
chemically linked in any fashion that retains or enhances the biological activity of OPG. A variety of chemical crosslink- 
ers may be used depending upon which properties of the protein dimer are desired. For example, crosslinkers may be 

35 short and relatively rigid or longer and more flexible, may be biologically reversible, and may provide reduced immu- 
nogenicity or longer pharmacokinetic half-life. 

In one example, OPG molecules are linked through the amino terminus by a two step synthesis (see Example 1 2). 
In the first step, OPG is chemically modified at the amino terminus to introduce a protected thiol, which after purification 
is deprotected and used as a point of attachment for site-specific conjugation through a variety of crosslinkers with a 

40 second OPG molecule. Amino-terminal crosslinks include, but are not limited to, a disulfide bond, thioether linkages 
using short-chain, bis-functional aliphatic crosslinkers, and thioether linkages to variable length, bifunctional polyeth- 
ylene glycol crosslinkers (PEG "dumbbells"). Also encompassed by PEG dumbbell synthesis of OPG dimers is a by- 
product of such synthesis, termed a "monobell". An OPG monobell consists of a monomer coupled to a linear bifunc- 
tional PEG with a free polymer terminus. Alternatively, OPG may be crosslinked directly through a variety of amine 

45 specific homobifunctional crosslinking techniques which include reagents such as: diethylenetriaminepentaacetic di- 
anhydride (DTPA), p-benzoquinone (pBQ) or bis(sulfosuccinimidyl) suberate (BS 3 ) as well as others known in the art. 
It is also possible to thiolate OPG directly with reagents such as iminothiolane in the presence of a variety of bifunctional, 
thiol specific crosslinkers, such as PEG bismaleimide, and achieve dimerization and/or dumbbells in a one step process. 
A method for the purification of OPG from natural sources and from transfected host cells is also included. The 

50 purification process may employ one or more standard protein purification steps in an appropriate order to obtain 
purified protein. The chromatography steps can include ion exchange, gel filtration, hydrophobic interaction, reverse 
phase, chromatofocusing, affinity chromatography employing an anti-OPG antibody or biotin-streptavidin affinity com- 
plex and the like. 

55 Antibodies 

Also encompassed by the invention are antibodies specifically binding to OPG. Antigens for the generation of 
antibodies may be full-length polypeptides or peptides spanning a portion of the OPG sequence. Immunological pro- 
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cedures for the generation of polyclonal or monoclonal antibodies reactive with OPG are known to one skilled in the 
art (see, for example, Harlow and Lane, Antibodies: A Laboratory Manual Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor N.Y. (1988)). Antibodies so produced are characterized for binding specificity and epitope recognition 
using standard enzyme-linked immunosorbent assays. Antibodies also include chimeric antibodies having variable 
5 and constant domain regions derived from different species. In one embodiment, the chimeric antibodies are humanized 
antibodies having murine variable domains and human constant domains. Also encompassed are complementary 
determining regions grafted to a human framework (so-called CDR-grafted antibodies). Chimeric and CDR-grafted 
antibodies are made by recombinant methods known to one skilled in the art. Also encompassed are human antibodies 
made in mice. 

10 Anti-OPG antibodies of the invention may be used as an affinity reagent to purify OPG from biological samples 

(see Example 10). In one method, the antibody is immobilized on CnBr-activated Sepharose and a column of antibody- 
Sepharose conjugate is used to remove OPG from liquid samples. Antibodies are also used as diagnostic reagents to 
detect and quantitate OPG in biological samples by methods described below. 

15 Pharmaceutical compositions 

The invention also provides for pharmaceutical compositions comprising a therapeutically effective amount of the 
polypeptide of the invention together with a pharmaceutical^ acceptable diluent, carrier, solubilizer, emulsifier, pre- 
servative and/or adjuvant. The term "therapeutically effective amount" means an amount which provides a therapeutic 
20 effect for a specified condition and route of administration. The composition may be in a liquid or lyophilized form and 
comprises a diluent (Tris, acetate or phosphate buffers) having various pH values and ionic strengths, solubilizer such 
as Tween or Polysorbate, carriers such as human serum albumin or gelatin, preservatives such as thimerosal or benzyl 
alcohol, and antioxidants such as ascrobic acid or sodium metabisulfite. Also encompassed are compositions com- 
prising OPG modified with water soluble polymers to increase solubility or stability. Compositions may also comprise 
25 incorporation of OPG into liposomes, microemulsions, micelles or vesicles for controlled delivery over an extended 
period of time. Specifically, OPG compositions may comprise incorporation into polymer matricies such as hydrogels, 
silicones, polyethylenes, ethylene-vinyl acetate copolymers, or biodegradable polymers. Examples of hydrogels in- 
clude polyhydroxyalkylmethacrylates (p-HEMA), polyacrylamide, polymethacrylamide, polyvinylpyrrolidone, polyvinyl 
alcohol and various polyelectrolyte complexes. Examples of biodegradable polymers include polylactic acid (PLA), 
30 polyglycolic acid (PGA), copolymers of PLA and PGA, polyamides and copolymers of polyamides and polyesters. Other 
controlled release formulations include microcapsules, microspheres, macro molecular complexes and polymeric beads 
which may be administered by injection. 

Selection of a particular composition will depend upon a number of factors, including the condition being treated, 
the route of administration and the pharmacokinetic parameters desired. A more extensive survey of component suit- 
es able for pharmaceutical compositions is found in Remington's Pharmaceutical Sciences , 18th ed. A.R. Gennaro, ed. 
Mack, Easton, PA (1980). 

Compositions of the invention may be administered by injection, either subcutaneous, intravenous or intramuscular, 
or by oral, nasal, pulmonary or rectal administration. The route of administration eventually chosen will depend upon 
a number of factors and may be ascertained by one skilled in the art. 
40 The invention also provides for pharmaceutical compositions comprising a therapeutically effective amount of the 

nucleic acids of the invention together with a pharmaceutically acceptable adjuvant. Nucleic acid compositions will be 
suitable for the delivery of part or all of the OPG coding region to cells and tissues as part of an anti-sense or gene 
therapy regimen. 

45 Methods of Treatment 

Bone tissue provides support for the body and consists of mineral (largely calcium and phosphorous), a matrix of 
collagenous and noncollagenous proteins, and cells. Three types of cells found in bone, osteocytes, osteoblasts and 
osteoclasts, are involved in the dynamic process by which bone is continually formed and resorbed. Osteoblasts pro- 

50 mote formation of bone tissue whereas osteoclasts are associated with resorption. Resorption, or the dissolution of 
bone matrix and mineral, is a fast and efficient process compared to bone formation and can release large amounts 
of mineral from bone. Osteoclasts are involved in the regulation of the normal remodeling of skeletal tissue and in 
resorption induced by hormones. For instance, resorption is stimulated by the secretion of parathyroid hormone in 
response to decreasing concentrations of calcium ion in extracellular fluids. In contrast, inhibition of resorption is the 

55 principal function of calcitonin. In addition, metabolites of vitamin D alter the responsiveness of bone to parathyroid 
hormone and calcitonin. 

After skeletal maturity, the amount of bone in the skeleton reflects the balance (or imbalance) of bone formation 
and bone resorption. Peak bone mass occurs after skeletal maturity prior to the fourth decade. Between the fourth and 
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fifth decades, the equilibrium shifts and bone resorption dominates. The inevitable decrease in bone mass with ad- 
vancing years starts earlier in females than males and is distinctly accelerated after menopause in some females 
(principally those of Caucasian and Asian descent). 

Osteopenia is a condition relating generally to any decrease in bone mass to below normal levels. Such a condition 
5 may arise from a decrease in the rate of bone synthesis or an increase in the rate of bone destruction or both. The 
most common form of osteopenia is primary osteoporosis, also referred to as postmenopausal and senile osteoporosis. 
This form of osteoporosis is a consequence of the universal loss of bone with age and is usually a result of increase 
in bone resorption with a normal rate of bone formation. About 25 to 30 percent of all white females in the United States 
develop symptomatic osteoporosis. A direct relationship exists between osteoporosis and the incidence of hip, femoral, 
10 neck and inter-trochanteric fracture in women 45 years and older. Elderly males develop symptomatic osteoporosis 
between the ages of 50 and 70, but the disease primarily affects females. 

The cause of postmenopausal and senile osteoporosis is unknown. Several factors have been identified which 
may contribute to the condition. They include alteration in hormone levels accompanying aging and inadequate calcium 
consumption attributed to decreased intestinal absorption of calcium and other minerals. Treatments have usually 
is included hormone therapy or dietary supplements in an attempt to retard the process. To date, however, an effective 
treatment for bone loss does not exist. 

The invention provides for a method of treating a bone disorder using a therapeutically effective amount of OPG. 
The bone disorder may be any disorder characterized by a net bone loss (osteopenia or osteolysis). In general, treat- 
ment with OPG is anticipated when it is necessary to suppress the rate of bone resorption. Thus treatment may be 
20 done to reduce the rate of bone resorption where the resorption rate is above normal or to reduce bone resorption to 
below normal levels in order to compensate for below normal levels of bone formation. 

Conditions which are treatable with OPG include the following: 

Osteoporosis, such as primary osteoporosis, endocrine osteoporosis (hyperthyroidism, hyperparathryoidism, 
25 Cush ing's syndrome, and acromegaly), hereditary and congenital forms of osteoporosis (osteogenesis imperfecta, 

homocystinuria, Menkes' syndrome, and Riley-Day syndrome) and osteoporosis due to immobilization of extrem- 
ities. 

Paget's disease of bone (osteitis deformans) in adults and juveniles 
Osteomyelitis, or an infectious lesion in bone, leading to bone loss. 

30 

Hypercalcemia resulting from solid tumors (breast, lung and kidney) and hematologic malignacies (multiple mye- 
loma, lymphoma and leukemia), idiopathic hypercalcemia, and hypercalcemia associated with hyperthryoidism and 
renal function disorders. 

Osteopenia following surgery, induced by steroid administration, and associated with disorders of the small and 
35 large intestine and with chronic hepatic and renal diseases. 

Osteonecrosis, or bone cell death, associated with traumatic injury or nontraumatic necrosis associated with Gau- 
cher's disease, sickle cell anemia, systemic lupus erythematosus and other conditions. 
Bone loss due to rheumatoid arthritis. 
Periodontal bone loss. 
40 Osteolytic metastasis 

It is understood that OPG may be used alone or in conjunction with other factors for the treatment of bone disorders. 
In one embodiment, osteop rote ge rein is used in conjunction with a therapeutically effective amount of a factor which 
stimulates bone formation. Such factors include but are not limited to the bone morphogenic factors designated BMP- 
1 through BMP-12, transforming growth factor-p (TGF-P) and TGF-p family members, interleukin-1 inhibitors, TNFa 
45 inhibitors, parathyroid hormone and analogs thereof, parathyroid related protein and analogs thereof, E series pros- 
taglandins, bisphosphonates (such as alendronate and others), and bone-enhancing minerals such as fluoride and 
calcium. 

The following examples are offered to more fully illustrate the invention, but are not construed as limiting the scope 
thereof. 

50 

EXAMPLE 1 

Identification and isolation of the rat OPG cDNA 

55 Materials and methods for cDNA cloning and analysis are described in Maniatis et al, jbid. Polymerase chain 

reactions (PCR) were performed using a Perkin-Elmer 9600 thermocycler using PCR reaction mixture (Boehringer- 
Mannheim) and primer concentrations specified by the manufacturer. In general, 25-50 uJ reactions were denatured 
at 94°C, followed by 20-40 cycles of 94°C for 5 seconds, 50-60°C for 5 seconds, and 72°C for 3-5 minutes. Reactions 



12 



8/27/07, EAST Version: 2.1.0.14 



